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CMD-2 and SND results on the p, u and 0. 
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The review of experimental results of the light vector mesons parameters studies with CMD-2 and SND detectors 
at VEPP-2M e+e" collider in the energy region 360 < ^ < 1380 MeV is given. 
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1. Introduction 

During the last 35 years the cross section of 
the e+e^ —f hadrons annihilation was studied in 
the energy region ^/s ~ 0.4 - 190 GeV at e+e~ 
colliders in CERN, DESY, KEK, SLAG, Cornell, 
Novosibirsk, Orsay, Frascati, Beijing. The en- 
ergy range of the VEPP-2M collider (Novosibirsk, 
BINP SB RAS) P lays below 1.4 GeV in the 
beginning of the energy scale. Besides VEPP- 
2M, the low energy region were studied in ex- 
periments at AGO, DGI (Orsay) and ADONE 



(Frascati) 



coUiders. The VEPP-2M had 



finished its operation in year 2000 and now is 
being reconstructed into VEPP-2000 [2]. At -B- 
factory PEP-II (SLAG) the cross sections of the 
processes e'^e" —^ hadrons are measured using 
radiative return method in the energy region from 
the reactions thresholds up to T(45') mass |3I4| . 
The (/)-factory DA$NE (Frascati) produces exper- 
imental data in the narrow energy region around 
^/s ~ 1020 MeV. The radiative return method 
is also used there for the cross sections measure- 
ments below 1 GeV jSj- 

At the VEPP-2M energy region the e+e^ -^ 
hadrons processes cross sections are described 
with 1% accuracy by the vector mesons dom- 
inance model (VDM). In the VDM framework 
the virtual photon transits into the vector me- 
son (p,uj,(j) or their excited states) with quantum 
numbers I^{J^^) = 1+(1 ) or 0^(1 ), which 
in its turn decays to hadrons (fig^. 




Figure 1. The e^e —f X transition diagram in 
VDM (X denotes the final hadrons). 



Studies of the e+e^ — > hadrons processes al- 
low to determine parameters of the vector mesons 
p, uj, (j) and their excitations, provide information 
about interference between mesons and reactions 
dynamics. 

2. Experiment 

From 1995 to 2000 the GMD-2 _^6 and SND |Z| 
detectors simultaneously operated at the VEPP- 
2M e^e~ collider in the energy range y^ from 360 
to 1400 MeV. The VEPP-2M luminosity varies in 
the range from -■ in28^^-2 



10^«cm-^s"i at yi = 360 MeV 



to 
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1030cm-2s-i at Vs = 1 GeV. The total 
integrated luminosity collected by each detector 
is about 30 pb^^. 



SND detector contains several subsystems. 
The tracking system includes two cylindrical 
drift chambers. The three-layer electromag- 
netic calorimeter is based on Nal(Tl) crystals. 
The muon/veto system consists of plastic scin- 
tillation counters and two layers of streamer 
tubes. CMD-2 detector contains tracking sys- 
tem which includes a cylindrical drift chamber 
and double-layer multiwire proportional chamber 
(^-chamber) . The photons energy and angles are 
measured by using the barrel Csl and endcup 
BGO calorimeters installed inside the supercon- 
ductive solenoid with a 1 T magnetic field. The 
muon system consists of two layers of streamer 
tubes. The detailed descriptions of the detectors 
are given in Ref . '6'7' . 

CMD-2 and SND can detect and completely 
reconstruct events containing both neutral and 
charged particles. 

The experiments were performed using energy 
scan method. After events reconstruction and 
analysis the cross section of the process e+e~ -^ 
hadrons is obtained as 
N 

IL £ drad Os 

where N is the process events number, IL is the 
integrated luminosity (measured by using reac- 
tions with well known cross sections: e^e~ — > 
e"'"e~ and 77), e is the detection efficiency (ob- 
tained from Monte-Carlo simulation), Srad is the 
radiative correction which takes into account the 
photons emission by initial and in some cases by 
final state particles, Sg is the correction due to 
the beam energy spread. 

In order to obtain the vector mesons param- 
eters the measured cross section of the process 
e'^e" — > X, where X denotes the final hadron 
system, is fitted by theoretical expression: 



a{.s) = 






E 



Dv{s) 



/P(w) 



Here Px{s) is a phase space factor including dy- 
namics of the vector meson transition to the fi- 



The param- 

'"e"), 0y are 



nal state, my and Ty are the meson mass and 
fuU width, <t{V ^ X) = 12ttB{V -^ X)B(V -^ 
e'^e~)/my, Dy{s) is the vector meson V propa- 
gator, (f)v is the interference phase, 
eters my, Ty, B(V -^ X)B(V -^ e 
obtained form the fit. 

CMD-2 and SND experiments have obtained 
quite important results on the p,0J,(j) rare de- 
cays (relative probabilities less than 10"'^). The 
well known decays p ^ tt'^j |8I9| . p — > ?77 
uj -^ rjj 9 10 11 12 , w -> 7r07r07 |13I14I1SJ . (/> -^ 
TT+TT" PS] were also studied. The eight decays 
^ /o7 |M8'l9"i2"^3', </. ^ ao7 \MMi]m\ . 
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-7r° El, (/- ^ 7r°e+e- 
inH were observed for the first time. In this paper 
the vector mesons main decays and parameters 
studies are reviewed. 



Cross sections of e+e 
hilation 



hadrons anni- 



The e+e 



TT+TT cross section in the VEPP- 



2M energy region measured in various experi- 
ments 36 37 38 39 40 41 42 5 43 is shown in fig|21 
13 For the data description the p, w, p' mesons 
are required. The CMD-2 data have 0.6 - 0.8 
% systematic error below and 1.2 - 4.2 % above 
1 GeV. SND measured the cross section below 1 
GeV with accuracy 1.3 - 3.4 %. SND and CMD-2 
results are in agreement with each other and with 
the CMD and OLYA measurements. However 
they are in conflict with KLOE measurement. 

The e+e" -^ 7T+7r~7T° process was studied with 
SND in the energy region -^s from 600 to 1380 
MeV |34I44I45I46| (figEJ. The curve is the re- 
sult of the fit taking into account uj,(j),p,uj' and 
uj" . The systematic accuracy of the measure- 
ment is 3.4 - 5.4 %. In experiments at VEPP- 
X) 2M the clear evidence of the broad resonance 

structure at ^s = 1100 - 1400 MeV, which is 

identified as cu' resonance, was obtained. SND 
measurements were confirmed by BABAR radia- 
'^ ' five return method result [2]. The e+e^ -^ 
pn — > TT+TT^TT*^ transition dominates in this re- 
action |45I46I47I48| . In the energy region above 
the (i-meson mass the transition e+e^ — > unr'^ —> 
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Figure 2. The e+e —f tt+tt cross section. 
OL YA and C MP (a) Ei, SND (*) ^, CMD-2 
(o) |^8I^OI40j and KLOE (D) data are shown. 
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Figure 3. The e~^e — > tt+tt cross section. 
OLYA (A) ISni and CMD-2 (o) g3| data are 
shown. 



TT+TT tt", predicted in Ref. "W, was observed 
and studied 0B| . The intermediate state different 



from these two (maybe e'^e 



was observed by KLOE and 
meson energy region H 



CMD-2 



TT 



OA 



in the (/)- 
. CMD-2 has reported 



the cross section measurements in the vicinity of 
the (f> and uj peaks |51I47I52|^ based on a part 
of available statistic. The data analysis is going 

on [snisni- 

CMD-2 and SND measured the cross sections 
of the e~'"e~ — > tt^j and e~^e~ —^ 777 processes. 
The systematic errors of the CMD-2 and SND 
measurements of the e+e" -^ 7r°7 cross section 
are 6 % and 3 % respectively |9I8I12I54| . The 
energy dependence of the cross section (figEjl is 
described by p, uj, cf) mesons contributions. The 
e+e" -^ 777 process was studied by using events 
with the 77 -^ 7r°7r°7r°,7r+7r~7r°,77 decays 9 10, 
I1H12I54I55I56I51I57| . The systematic errors de- 
pend on energy and at the (/)-meson region they 
are about 3-7 %. The cross section energy depen- 
dence is shown in figEl For the data description 
the 4),p,u!,p' resonances are needed. 

The e"'"e~ -^ K^K~ process cross section mea- 
sured by SND mn], CMD-2 |^T1^ and OLYA 
[nni in the energy region ^/s below 1380 MeV is 
shown in fig[7| In the energy region i/i > 1060 
MeV the SND and CMD-2 data are prehminary. 



The systematic accuracies of the CMD-2 and 
SND measurements in the 0-meson energy range 
are 3-4 and 7 % respectively. 

The e+e^ -^ KsKl cross section was mea- 
sured by using Ks — > 7r°7r° and tt+tt" decays. 
The cross section measured by SND |]H] and 
CMD-2 |60I42| in the vicinity of the 0-meson 
(figlHl) has systematic errors 3.3 % and 1.7 % re- 
spectively. The results of different experiments 
are in agreement. The measurements above 0- 
meson were reported by SND and CMD-2 in 
Ref. 12 6162, . 

The e+e~ -^ KK data near the <^(1020)-meson 
peak can be described by taking into account the 
4>, p,ijj amplitudes only. The p and uj coupling 
constants agree with the naive quark model pre- 
dictions. At higher energies the (/)' contribution 
should be added to the reactions amplitudes. 

The e^e~ — > 7r+7r^7r+7r^ and e+e^ -^ 
7r"'"7r~7r'^7r'^ processes have the largest cross sec- 
tions in the energy region ^/s > 1 GeV . The 
CMD-2 ES] and CLEO-2 [HI had shown that 
in the VEPP-2M energy region in the e+e^ — > 
TT^Tr^TT^TT^ proccss the ptttt, and in the e^e~ -^ 



pmr 



and 



mechanisms are 



dominant. Moreover the dynamics of the e~^e~ — *■ 
pTTTT reaction can be described with oitt interme- 
diate state. The SND analysis confirmed these 
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Figure 4. The e^e -^ tt+tt 7r° cross section 
measured by SND |44I46I34) . The curve is the fit 
with the w, 0, p, io\ w" resonances. 



Figure 7. The e^e -^ K^K cross section. The 
OLYA (o) ISni, SND (•) |44I12| and CMD-2 (•) 
|51I58| data are shown. 
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Figure 5. The e+e ^ 7r°7 cross section. The 
SND (•) [51^1 and CMD-2 (•) data are shown 



Figure 8. The e~^e -^ KsKl cross section. The 
SND (•) gH and CMD-2 (•) [SO! are shown. 
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Figure 6. The e+e — > ?77 cross section. The 
SND (•) Ej and CMD-2 (•) data are shown [TUI. 
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Figure 9. The e+e^ -^ tt^tt^tt^tt^ cross section. 
The DM2 (o) jEEl, SND (•) EH], CMD-2 (•) |S3 
and BABAR (D) [Ij data are shown. 



conclusions 1651. The e+e —f tt+tt tt^tt cross 
section measured by DM2 [SSI, SND ESI, CMD-2 
[nil and BABAR gj is shown in figli The re- 
sults agree with each other. The e+e^ ^ un'^ 
was steadied in two final states e"^e~ — > wtt" ^ 
7r~'"7r~7r°7r° and e^e^ ^ wtt" —> tt^tt'^j by both 
SND |?)^l^ and CMD-2 miMI- These results 
are in agreement also. 

The fit to the experimental data shows that 
within the measurement accuracy the e'^e^ —^ 
hadrons cross sections can be described by VDM 
taking into account p, to, (jj-mesons and their ex- 
cited states p',uj',(j)', . . . . 



4. Light vector mesons parameters 

The parameters of the light vector mesons 
p, Lu, (j) (Tab.^ were extracted from the measured 
cross sections. The CMD-2 and SND averaged 
values together with the results of the other mea- 
surements are shown in Tab^ The p-meson pa- 
rameters were obtained from the study of the 
e+e" -^ 7r+7r~ cross section. The accuracy of the 
p -^ e+e^ decay width in the recent VEPP-2M 
experiments was improved by 3 times in compar- 
ison with previous measurements 36 72 . 

The w-meson main parameters were obtained 
from the e^e~ -^ 7r~''7r~7r'^,7r°7 and tt+tt^ pro- 
cesses cross sections analysis. The results of the 
CMD-2 and SND have accuracy compatible or 
better than the other experiments. In particu- 
lar, the accuracy of the G-parity suppressed de- 
cay Lo — > TT+TT^ was improved by factor 3. 

The accuracy of the parameters B((f> — > 
e+e-)B{(l) -^ r]-f) and S(0 -^ e+e-)B{(f> -> 
KsKl) was improved also. Using the CMD- 
2 and SND results |44ll()4l,'^Sl^()l4ini)niTT7| the 
B((^ -^ e+e") = (2.90 ± 0.04) x lO"* was ob- 
tained. This value deviates from the KLOE re- 
suh B{(j> ^ e+e^) = (3.10 ± 0.05) x lO"" [TTTKj 
by three standard deviations. 

The light vector mesons p,0J,4> are studied 
rather well. About w', p', (/)',.■ ■ we know with cer- 
tainty that such resonances exist. However their 
parameters are not well established and their na- 
ture is not clear due to poor accuracy of ex- 
perimental data, large width of these states and 
model uncertainty in their description. The pa- 
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Table 2 

The io' and to" parameters obtained from the SND and DM-2 data analysis J46I34| . 



V my, MeV 



Lo' 1400 ±50 ±130 
uo" 1770 ± 50 ± 60 



Tv, MeV 



870 ±|^^[j ±450 
490±^°g 



a{V — > Btt), nb a{V — > wtttt, nb r(T^ 



■ e^e 



4.9 ±1.0 ±1.6 
5.4 ±g:!^ ±3.9 



±130 



1.9 ±0.4 ±0.6 



■570 
■860 



rametcrs of the uj' and lo" were estimated from 
combined analysis of the e^e~ — > 7r+7r~7r° pro- 
cess cross section measured by SND and of the 
DM-2 data on the e+e~ -^ ujtttt reaction (Tab[2Jl. 
Using the leptonic widths obtained from the fit 
the following ratios can be obtained in the frame- 
work of the nonrelativistic quark model: 



^f'(O) 



*S(0) 



*5"(o) 






T{lo' 



-) 



mo) 



T{uj 



Tiiu" 



r{uj 



4, (3) 



5, (4) 



where ^v'('^) i^ ^^^ radial wave function of the 
qq bound state at the origin. These ratios are 
about 10 times higher than analogous values for 
the cc and 66 states: |*^(2s)(0)/*f/^(0)P ^ 

0.57, |*ff2Sl(0)/*?fisi(0)l' ^ 0-44, 



l*^.,o^(0)/*f(^c^(0)P ~ 0.43. These results 



-T(3S)>- 



W , W 



More precise data and deeper analysis are re- 
quired however, to draw final conclusions. 

5. Conclusion 

In the 1995-2000 the experiments with CMD-2 
and SND detectors at VEPP-2M were fulfilled. 
The cross section of the e^e~ annihilation in 
hadrons were measured in the energy region ^/s — 
360—1380 MeV. Results of these experiments de- 
termine nowadays the accuracy of the light vector 
mesons parameters determination. They are one 
of the main source of information about particle 
physics at low energies. 
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sions. The work is supported in part by grants 
Sci.School-1335.2003.2, RFBR 04-02-16181-, 04- 
02-16184-, 05-02-16250-, 06-02-16192-a. 
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